The hypothesis that persons with left versus right unilateral brain lesions differ in complicated ideational processes is studied in SO 5s with well-localized lesions. On a multiple-discriminant analysis, seven selected Rorschach variables differentiated the left, right, and midline-bilateral groups at the .0001 level. Interpretation of Discriminant 1, Ideation, yields a modus operand! of lefthemisphere Ss which is limited and constricted; of right-hemisphere 5s which is expansive and uncritically innovative. Discriminant 2, Uniqueness of Pathology, indicates that left and right groups not only differ significantly but also are significantly divergent, with the midline group undistinguished on this dimension.
The phenomenon of differences in function between the symmetrical hemispheres of the brain has compelled attention since the nineteenth century discovery that language is controlled by only one of them. Studies have ranged from the assessment of the intelligence by standard tests (Costa & Vaugh, 1962; Meier & French, 1966; Reitan, 1966; Satz, 1966; Smith, 1966) to the tachistoscopic presentation of simple material to one side of the brain after section of the cerebral commissures (Gazzaniga & Sperry, 1967) . In exploring the functions of the two hemispheres on relatively simple visual (Ettlinger, 1960; Kimura, 1963) and auditory (Kimura, 1961; Milner, 1962) tasks of discrimination and recognition, significant differences have been found in the performance of persons with left as contrasted with right hemispheric damage. The study to be described here differs from the previous work both in technique and in the aspect of the problem with which it is concerned. On the basis of past clinical experience, it was hypothesized that persons with right as compared with left unilateral brain lesions would differ from each other, and from those with bilateral lesions, in complicated ideational processes. To study these differences, it was elected to use Hermann Rorschach's experimental method, be-cause it involves the analysis and synthesis of 10 complex, "accidental" forms. The method allows 5 a full demonstration of his intellectual repertoire in contrast to the restrictions imposed by the simple answers of the tachistoscopic and, to a lesser extent, the sorting tests. Eight variables out of a possible 241 factors under 34 configurations (Hertz & Loehrke, 1955) were selected on the basis of clinical experience as crucial for the reflection of differences in the functioning of the two hemispheres.
METHOD Subjects
The SO 5s were all right-handed patients on the neurology service of a teaching hospital. There were no significant differences in age, educational level, or WAIS Full Scale IQs among the groups to which they were assigned on the basis of location of lesion. Only those patients were excluded who were found to be left handed, had a history of alcoholism, or in whom the brain lesion was not satisfactorily diagnosed or localized. All patients were given detailed neurological examinations by two residents and by a staff neurologist, and also had lumbar punctures, one or more EEGs, and such other procedures as were deemed necessary for correct diagnosis. Patients with any indication of aphasia were fully evaluated by the aphasia research section. Inclusion in the study and assignment to groups was based on "hard" clinical evidence such as hemiplegia or hemiparesis, and the pneumoencephalogram, arteriogram, and brain scan reports were evaluated for the clarity of their findings. The EEG was used solely for the assignment of temporal lobe seizure patients and then only when a definite focus or foci were reported.
Despite observed seizures no temporal lobe patient was included whose EEG failed to demonstrate a focus. All of the patients with neoplasms participated in the experiment before craniotomy. The operative report of the neurosurgeon was used for these latter cases.
Procedure
The 10 plates were administered to each S in the standard fashion. The variables selected for study and the method of scoring was as follows:
1. Perplexity-An expression of distrust of one's own ability (Piotrowski, 1937) ; for example, "I can't do much with this," Each stimulus card which evoked such an expression was given a score of 1.
2. Fabulizing-As used here, has been described in detail by Mabry-Hall (1967) . It consists of the combination of two separate percepts, each of which taken singly may be quite reasonable, into an untenable whole response. It is determined by the spatial contiguity of the several parts rather than by an essential or plausible relationship; for example, "There are two people here, two women with their hands out; up here on each side are two foetuses, looks as though they are falling; the women must have their hands out to catch the foetuses." Each fabulized response was given a score of 1.
3. Sum R-The total number of responses given. 4. Sum M-The total number of human movement responses.
5. Sum C-The total number of color responses after they have been weighted in the customary fashion with a form-dominated color response equal to .S, a color-dominated form response equal to 1, and a pure color response equal to 1.5.
6. Sum of Shading-The total number of responses determined by chiaroscuro used as variations in shading ("light and dark shades make it look like fur"), or as color ("black bat"), and computed in the same manner as Sum C above.
7. Sum of F minus-The total number of formdetermined responses which show a lack of congruity between the given percept and the actual form of the blot.
8. Sum of Rejection-The total number of cards to which the patient failed to give any response whatsoever. This was almost invariably accompanied by the statement that they were unable to "see" anything there.
Statistical Procedures
There were three groups of 5s; one for each of the discriminant analyses made by the computer. In all three analyses the specific hypothesis to be tested was that left-sided lesion patients would be high on Rejection and Perplexity and low on Fabulizing and Sums R, M, C, F minus, and Shading with the converse being the case for the rightsided group. In addition, Analysis 1 tested the hypothesis that patients with left hemispheric lesions would differ from those with right-sided, bilateral, and neoplastic lesions on the eight variables. The number in each group was as follows: 14, right; 14, left; IS, neoplasm; and 7, bilateral. Analysis 2 was to answer the question of whether there were intrahemispheric differences. For this test there were six groups, as follows with the number in each: 9, right temporal; S, right nontemporal; 7, left temporal; 6, left nontemporal; 15, neoplasm; 7, bilateral. The term nontemporal was used for convenience to group the vascular lesions which were frontal, fronto-parietal, or parietal. For Analysis 3 there were three groups: 21, right; 13, left; and 16, midline-bilateral which is referred to as midline. These three groups were composed by retaining the left and right groups of Analysis 1 and adding to them the patients in the neoplasm group who had tumors of the left and right hemispheres, respectively. The bilateral group retained its original members, and to it were added patients in the neoplasm group whose lesions, by surgeon's reports, were "deep to the midline." The hypothesis for this analysis was that unilateral or bilateral involvement is more relevant for the effect on these variables than is type of lesion. Because of relatively high correlations in the preceding analyses between Sum F minus and R, and between Sum C and Sum of Shading, Sum C was dropped from this analysis and an F minus ratio with R held constant was used. The purpose of these changes was to determine the discriminating power of F minus, independent of the number of responses, and to avoid the effects of linear restraint on the weighting of variables on each discriminant. Beall's (1942) logarithmic transformation was used on all variables (with h equal to 1) because they were considerably skewed to the right.
RESULTS
The analyses are reported in order of importance.
1. Discriminant Analysis 3, using seven Rorschach variables and three patient groups, yielded the following results: (a) the battery of seven variables acting in concert, when tested for significance, was found to be very successful (F = 7.3SS8, df = 14/82, p < .0005); (6) two nonnull discriminants emerged as significant (Discriminant 1: x 2 = 119.4, df = 8, p much less than .0001; and Discriminant 2: x 2 = 20.6, df = 6, p < .01). This confirms the general and basic hypothesis that these variables are effective in discriminating between the pathological groups.
When Duncan's New multiple range test for unequal numbers (Duncan, 1957) was applied to each of the two significant dis- criminants, the following results were found: (a) on the first and most powerful discriminant, all three groups were significantly different from one another at less than the .005 level of probability, with the left-sided lesion group being lowest and the right-sided highest on this dimension; (6) on the second discriminant, left and right-sided lesion groups did not differ significantly from each other, but both were significantly higher than the midline group on this dimension, at less than the .OS level of probability. When the three group centroids are plotted, using the two discriminants as axes, the result, as seen in Figure 1 , suggests a U-shaped curve. 2. Discriminant Analysis 2, using eight Rorschach variables and six patient groups, also discriminated significantly among groups (F = 1.739, df = 40/159.7, p < .01). In this analysis, one significant discriminant emerged ( X 2 = 67.7, df = \2, ^<.0001). Duncan's multiple range test applied to group centroids on this discriminant revealed that (a) the two left-sided subgroups did not differ significantly, nor did the two right-sided subgroups; (b) each of the left and each of the right-sided subgroups differed significantly from all other groups; (c) the neoplasm and bilateral groups did not differ significantly. Twelve of the 15 possible pairs of groups therefore showed significant differences. The results of this analysis demonstrated that there were no significant intrahemispheric differences: on none of the variables did the two left-sided subgroups differ; the two rightsided subgroups differed only on number of responses and that at the .05 level.
3. The results of Discriminant Analysis 1, using eight Rorschach variables and four pa-tient groups, were iterated in Analyses 2 and 3 and hence will not be presented.
The univariate F test for each variable in each of the three analyses, yielded significant differences between the left-and right-sided groups. In each instance the hypothesis was confirmed that the left-sided group would be high on Perplexity and Rejection and low on all other variables with the reverse the case for the right-sided group.
Interpretation of the Variables
The hypotheses which were formulated were based on the following interpretations of the variables:
1. Perplexity expresses the awareness of a diminution in one's intellectual and particularly imaginative powers. Thus it is a judgment, a critical appraisal of a deficit.
2. Fabulizing, which connotes a wish to extend one's imaginative powers and a confidence in the validity of one's thinking, frequently results in the bizarre. The fabulized response shows a failure to select, to omit, to evaluate, to judge.
3. Sum R, the total number of the percepts given, is a measure of associative flow. It indicates S's capacity to meet the demands of the task, that is, to formulate percepts from the nebulous stimuli. It is a measure of productivity without regard to the quality of the productions.
4. Sum M, or the total number of human movement responses, represents the liveliest exercise of the imagination since M requires the perception, or projection, of kinesthesis in a static stimulus. Rorschach (1942) speaks of the suppression of kinesthesis "with maximal logical functioning," akin to pedantry, and it was this negative relationship which we expected to demonstrate in our left-hemispheric group when we predicted that they would be high on Perplexity and Rejection and low on F minus and M.
5. Sum C also, according to Rorschach, suffers with the operation of maximal logical functioning. In addition, the extent to which color is employed in the formulation of percepts may be considered an indication of the capacity to use, for the purposes of creative thinking, an important and striking feature of the cards.
6. Sum of Shading is a measure of the use of chiaroscuro. The latter bespeaks an imaginative liveliness which goes beyond the simpler and more obvious use of the form itself. The use of shading, as Rorschach said, emphasizes the three dimenisonal quality of the blot and is therefore a unique determinant.
7. Sum F minus is a measure of the extent to which the S fails to achieve congruence between his response and the area of the blot to which he was responding. Rorschach (1942) felt that good form, unlike human movement, was subject to increase by conscious volition and that it was associated with an increase of attention, of consciousness, or self-consciousness, in performing the task. On the other hand, poor form, or F minus, reflects a lack of "mental" discipline, a lack of self-awareness in the experimental task, and a diminished vigilance.
8. Rejection, or failure to give any response to a card, is so strong an inhibition of productivity as to betoken a form of mental immobility. As the patient often says: "nothing comes to mind."
Modus Operandi: Left-Hemispheric Lesions
Keeping in mind that persons with lesions of the left hemisphere score high on Perplexity and Rejection but low on all the other variables, one can see that such unilateral lesions result in a marked reduction in the ability to formulate percepts in the presence of an ambiguous stimulus. Since only 3 of the 13 patients with left-hemispheric lesions had aphasia, evaluated as "mild" or "minimal" in each case, its seems clear that the findings cannot be interpreted as a reflection of language impairment. Left-hemisphere lesions produce an individual who is seriously impaired in his ideational processes. He is conscious of this loss and expresses it by direct statement, by an occasional failure to produce any percept, and by a cautious and "correct" approach to the demands of the task. He attends to the outline or form of the blot, he is at pains to see that it accords with the form of the object to which he likens it, and he is virtually unable to employ the other attributes of the stimulus which are available to him. Thus he fails to use the color, the chiaroscuro, and the rather powerful suggestion of kinesthesis to the extent to which the normal person does. He is correct, self-critical, undeviating, and devoid of spontaneity in the presence of a stimulus which allows and indeed provokes one to suppose, to fancy, to create by means of the intellect that which does not exist in one's presence. He is limited, arid, unimaginative, and ruefully aware that this is so. He recognizes that there are opportunities as well as obligations imposed by the stimuli and his own inability to perform accordingly.
Modus Operandi: Right-Hemispheric Lesions
The patients with a lesion of the right hemisphere, who score low on Perplexity and Rejection but high on all of the other variables, show a pattern of thinking on this task which is the antithesis of that shown by those with lesions of the left hemisphere. The rightlesion patient forms many more visual percepts, almost never rejects a card, and is unhampered by dissatisfaction with his productions. He freely uses a variety of determinants, singly or in combination, responding to color, light and dark shading, and the suggestion of kinesthesia in the static stimulus. His percepts go well beyond the range of simple shape naming to scenes of human beings in action. However, along with the ease of perceptual organization, and the ability to use the attributes of the stimulus figures to create imaginative responses, there is an expansiveness which leads the patient beyond his capacity for "good" productions into undisciplined thinking. He taints the entire performance with too frequent a lack of congruity between the percept and the blot. Often his percepts inappropriately combine parts into wholes with results which are preposterous or bizarre rather than genuinely imaginative. His vigilance is diminished and he shows a lack of selective attention. The tempering effects of self-criticism are too little in evidence; there is a want of prudence.
Interpretation of the Discriminants
Our highly significant first discriminant, to which all eight variables contribute and which clearly differentiated the left-from the rightsided lesion groups, represents Ideation: the ability to fancy, to suppose, to imagine what is not immediately present. Patients with lesions of the left hemisphere are characterized by a constrained ideation which we term, from the Greek, Noendeia. Patients with lesions of the right hemisphere are characterized by an expansive ideation which we term Noektasis. The midline group shows a mixture of both features.
Discriminant 2, which emerged as significant in Discriminant Analysis 3, we interpret as the dimension of uniqueness in the nature of the pathology demonstrated. That is to say that lesions of the right and left hemisphere produce unique behavior causing the left and right groups to be not only significantly different but also significantly divergent. They are separate and distinctive conditions rather than being on a continuum with, for example, one or the other damaged hemisphere being more distorted in its ideational processes. In short, the characteristics of Noendeia and Noektasis are equally pathological. An analogy might be a comparison of the manicdepressive, depressed psychosis, and the manic-depressive manic, where one sees two equally severe but antithetical syndromes.
Our results, then, demonstrate that a lesion in the dominant hemisphere produces one kind of defect on this task, Noendeia, and that a lesion in the nondominant hemisphere produces an equally abnormal but strikingly opposite defect, Noektasis. Neither hemisphere can be said to be dominant for the functions involved in this high level perceptual-imaginative task, because their disorders are equal in degree and distinctive in kind. Our findings suggest that Ideation, a highly complicated process, requires for its realization an intact brain in which the two hemispheres are equi-essential.
The knowledge that we are dealing with a hemispheric effect is provided by the analysis of the six-group run which demonstrated that there was no statistically significant difference between the intrahemispheric subgroups, but that each of them did differ from all other groups. Thus, right temporal did not differ from right nontemporal, but did differ from left temporal, left nontemporal, neoplasm, and bilateral lesions groups. Had we not run this six-group analysis and demonstrated to the contrary, the possibility would have remained that right and left nontemporal groups, for example, did not differ from each other, but their lack of difference was obscured by very large differences between right and left temporal groups.
This experiment does not, of course, tell us the function of each hemisphere in a normal brain on high level analytic-synthetic and imaginative tasks. We interpret our findings as an exaggeration, in pathological form, of characteristics which operate harmoniously in the normal brain. This is in contrast to the idea that impairment in brain disease is equivalent to deficit. There are many instances in clinical and experimental neurology of distortion of function in either direction, for example, hypo-or hyperkinesia, and mutism or logorrhoea in Parkinsonism. Psychological impairment has been little studied from this point of view: in intellectual activities which both hemispheres conjointly perform, damage to either will cause, respectively, different kinds of dysfunction. Results of this study indicate that damage to the left results in pathological constriction; to the right in pathological expansion. If these conditions are indeed the exaggeration of normal functioning, then one can speculate that the left hemisphere is the critic, the judge, the evaluator, and the right is the innovator, the phantasizer, the artist.
When one studies the literature in an attempt to find other results which might be an instance of what has been demonstrated, there are intimations, perhaps, in Milner's (1964) finding that left frontal lobectomy patients, though not dysphasic, are much less productive on the Thurstone Word Fluency Test; or McFie and Zangwill's (I960) description of their patients' bicycle drawings as an "exploded diagram" for the right-sided group; while the left-sided group preserved an accurate spatial relationship but showed "a reduction in the parts presented." These may be instances of Noektasis and Noendeia manifested in fragmented form in more limited test situations.
